associated with older fathers, independent of a maternal age effect. If this increase does in fact exist, it is much smaller than the increases in risk associated with advancing maternal age, and because older men contribute a relatively small proportion of total births their contribution to the communal burden of Down syndrome is quite small. However, the finding is of aetiological interest and is the first indication of a significant paternal age effect where control for maternal age has been stringent.
There has been a recent renewal of interest in the possibility that older fathers might be at higher risk of producing babies with Down syndrome. The cytogenetic evidence which has become available during the last few years has been reviewed by Magenis and Chamberlin' and they suggested that a sizable proportion, perhaps as many as 20 to 25 %, of Down 27 February 1980 the statistical analyses.6 On the other hand we have been critical of the less than strict control of maternal age used by others.2 3 We report here on another investigation into this question in which we used contemporary Norwegian data. These data do not represent a complete ascertainment of Down syndrome among the total birth population but they nevertheless offer some insights into the problem. 
The rates of Down syndrome by single years of father's age are also shown in the figure (smoothed with a 5-year moving average). These data, and all others in our study that deal with paternal age, pertain only to the 693 babies whose father's age was known. The paternal age specific rates closely parallel the maternal age specific rates from the early 20s to age 35. At ages over 35 or so the paternal age specific rates rise less rapidly than the maternal age specific rates, and over 45 or 50 the rate of increase is further diminished. In interpreting these There seems to be no way out of this dilemma, but we are of the opinion that concerns of validity outweigh concerns of power, and that any analytic procedure should yield a result as free of the effects of maternal age as possible. The approach used here, adjusting for maternal age by single years of age, would seem to fulfil that requisite. Despite the possible reduced power associated with this approach, we have found what appears to be a modest effect of older fathers. This effect is of the order of a 25% increase in the risk, which is relatively small compared to the maternal age effect. For example, the risk associated with mothers of 40 and over is about 1300 % higher than that with those under 40. Furthermore, the effect was of marginal statistical significance and there was a small de-J David Erickson and Tor Bjerkedal ficiency of infants with Down syndrome and fathers aged 45 to 49. Even so, there is a certain consistency to these Norwegian data since the rates appear to be higher both for fathers of 50 to 54 and for those .55 years.
Since the size of the x2 associated with the paternal age dichotomy <49 to .50 is not large, one may question how likely it is that chance or bias produced the observed result. Since interest in this area has focused on the question of whether older fathers have a higher risk than younger fathers, a one-tailed test seems appropriate. Thus our finding of a higher rate for fathers >50 than for those <49 might be thought to result from chance with a probability of 0 05, if one ignores the fact that we performed several tests of significance. On the other hand, such a result could be produced by some unrecognised bias. In other studies the question of bias has focused in the opposite direction: was the lack of an effect observed in earlier works by one The pattern of paternal age specific rates noted in the figure also deserves consideration in this regard. It was seen that the paternal rates closely followed the maternal age specific rates from the early twenties to the mid-thirties. From the mid-thirties to the mid-forties the paternal age specific rates did not rise as rapidly as the maternal age specific rates and after the mid-forties the divergence was even more pronounced. In order to interpret this pattern, one must consider the correlation between maternal and paternal ages. The demographic pattern noted in table 3 (progressively smaller increases in maternal age as paternal age increases) would then lead one to expect the paternal age specific rates to rise less rapidly than do the maternal age specific rates. This is so, since the effect of maternal age is so preeminent that the rate at a particular paternal age primarily reflects the corresponding mix of maternal age specific risks. Indeed, if the father's age had no independent effect one would expect the paternal age specific rates to stop rising at the point where increases in the father's age are no longer accompanied by increases in the mother's age. The Norwegian data presented in table 3 suggest that this point is located somewhere over the paternal age of 50. The paternal age specific rates shown in the figure are not particularly stable after age 50, even though they were smoothed with a 5-year moving average. They do, however, show some evidence of a very modest continuing rise. Thus this pattern 27 also lends some credence to the notion of a small independent effect of paternal age.
If the increase is modest in relative terms, it is even more modest in absolute terms. Fathers over 50 only contributed about 6 % of all cases of Down syndrome reported in Norway. If, say, 50 % of these were caused by paternal non-disjunction, then a paternal age effect resulting from fathers over 50 would only contribute 3% of the total cases. So while it may be important from an aetiological point of view, a paternal age effect would have relatively little impact from the viewpoint of public health.
It was pointed out earlier4 that if the paternal age effect is quite small and that if the rate of paternal non-disjunction is quite high (current estimates suggest 20 to 30% of cases result from this cause), then one might entertain the possibility that the maternal age effect has causes in addition to, or other than, an increasing frequency of non-disjunction with increasing age. An example of such a cause would be an age related decrease in the effectiveness of the screening mechanism of spontaneous abortion.4 It is possible that the younger mother is more 'efficient', aborting a higher proportion of affected fetuses than older mothers? This possibility was recently discussed by Sved and Sandler."3
